"P ersonalized medicine" is a phrase now reverberating across the health care sector, capturing the hope that genomic sciences will provide the capability to individualize and thereby optimize medical care. 1 This vision builds on the success of genomic sciences -a field that gave us, just 10 years ago, the complete human genome sequence and that continues to produce an extraordinary repertoire of technical and computational tools. Most recently, these technologies have enabled an unprecedented rate of discovery of common disease genes as well as dramatic reductions in resequencing time and costs that have rendered feasible the $5000 (and almost certain soon-to-be $1000) genome. 2 Without a doubt, genomic technology has delivered -but can it deliver on the promise of personalized health care? Yazdanyar and colleagues have reported on their analysis of the contribution of NOD2 (nucleotide binding oligomerization domain 2)/CARD15 (caspase recruitment domain 15) gene variants to the risk for Crohn disease. 3 Their findings provide an important reminder of the challenges inherent to translating meaningful medical discovery into meaningful clinical benefit.
Yazdanyar and colleagues analyzed the extent to which carriage of one or two copies of NOD2/CARD15 alleles conferring risk of Crohn disease correlated with the development of the disease in the Danish general population. The association of the NOD2/CARD15 gene with Crohn disease is particularly appropriate for such a study, because it has been widely replicated in independent case-control studies of white patients with the disease. The data suggest that these alleles have a substantial influence on risk (odds ratio [OR] of about 2.4 for heterozygous and 17.0 for homozygous and compound heterozygous carriers, respectively, versus noncarriers of risk alleles). 3 In addition, the biologic roles of the NOD2/CARD15 protein are consistent with an important role for NOD2/CARD15 signaling in the pathogenesis of Crohn disease. [4] [5] [6] Capitalizing on the availability of a large population with well-curated longitudinal health records collected for over 30 years, Yazdanyar and colleagues genotyped 43 596 Danish people for the three major NOD2/CARD15 variants (Arg702Trp, Gly908Arg and Leu1007fsinsC) associated with Crohn disease. They then calculated penetrance of the risk alleles on the basis of the fraction of people in whom the disease developed before 50 years of age. In contrast to results of previously published case-control analyses, Yazdanyar and colleagues found an OR of 1.2 for heterozygous and 3.3 for homozygous and compound heterozygous carriers of risk alleles. Penetrance at age 50 years of the risk genotype for Crohn disease was 0.3% (95% confidence interval [CI] 0.29-0.31) for heterozygous carriers and 1.5% (95% CI 1.40-1.60) for homozygous and compound heterozygous carriers.
Should we be surprised by the apparent discrepancy between the estimates of genotype risk gleaned from a population-based versus case-control association study? Clearly, although the case-control design is valuable in identifying risk alleles for common multigenic disease, it can be inherently biased by the deliberate analysis of people with the disease. As for most common diseases, the genetic contribution to Crohn disease is complex, with the risk for disease potentially engendered by at least 30 gene variants. 7 The contribution of any one of these variants to risk is relatively small. However, it could be amplified in the context of a patient cohort in whom Crohn disease has already been diagnosed compared with the general population if the former had been enriched for any subphenotype that increases genetic risk or for other risk alleles for the disease that might enable higher penetrance of the risk allele under study.
• Population-based studies are important in defining more accurately the risk effects of disease alleles identified by case-control association studies.
• Knowledge of the gene variants underpinning common diseases is critical to clarifying the pathogenesis of these conditions, but major challenges remain in translating such information into a personalized health care paradigm.
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If the NOD2/CARD15 variants were associated with severity as well as risk for Crohn disease (as has been suggested in some studies), the case-control study design may also upwardly bias the estimates of genotype risk by including the more severe cases most likely to be followed at tertiary care centres. Similarly, relatives of patients with Crohn disease may be more carefully monitored at such centres in conjunction with family studies, again potentially biasing penetrance estimates in such referral populations. Prospective population studies avoid these issues and are generally preferred in genetic epidemiologic studies. However, this approach also has potential limitations -in particular, the possible failure to identify all patients with a disease (in this case, Crohn disease) in the population, thus yielding falsely low estimates of penetrance.
Although the possibility of underestimated penetrance in Yazdanyar and colleagues' study cannot be formally excluded, the effects of any single gene or gene variant on risk are generally small in common diseases. Moreover, even in so-called monogenic disorders -such as β-thalassemia, hypertrophic cardiomyopathy and many of the other mendelian-inherited diseases -the association of identical mutations in a single gene with highly diverse phenotypes reinforces the complexity inherent in predicting risk of disease where the cause and, by extension, penetrance of any one risk allele are shaped by multiple genetic and environmental interactions. [8] [9] [10] This study's findings caution us about interpreting estimates of risk from case-control association data sets and reinforce previous contentions that NOD2/ CARD15 genotyping has no value in identifying people at risk for Crohn disease. Moreover, because the NOD2/CARD15 variants are thought to account for only 20% of genetic susceptibility to Crohn disease and their penetrance appears to be so low, the predictive value of NOD2/CARD15 genotyping is insufficient to warrant testing first-degree relatives of patients with the disease. This situation could change with a more complete understanding of the etiopathogenesis of Crohn disease that enables reliable risk prediction or with pharmacogenomic data linking NOD2/CARD15 variant genotypes to specific drug responses.
At a more general level, the data from Yazdanyar and colleagues' study reinforce much of the current skepticism about the future of personalized medicine, thereby reminding us that genomic technology has dramatically outpaced understanding of human genetics and that, as aptly noted 10 years ago by Sir David Weatherall, "Relating genotype to phenotype is the challenge for genetic medicine over the next century." 8, 11 As each of us anticipates knowledge of our personal genome, we should appreciate the difficulties inherent to meaningful clinical application of such information while relishing the opportunity to make it so.
